In this paper we define strong and weak common quadratic Lyapnnov functions (CQLF's) for sets of linear time-invariant (LTI) systems. It'e show that the simultaneous existence of a \veak CQLF of a special form, and the non-existence of a strong CQLF, for a pair of LTI systems, is characterised by easily yerifiable algebraic conditions. These conditions are found to play an important role in proving the existence of strong CQLF's for general LTI systems.
Introduction
The existence or non-existence of common quadratic Lyapunov functions (CQLF's) for two or more stable LTI systems is closely connected to recent work on the design and stability of switching systems [I, 21. In this context numerous papers have appeared in the literature [3, 4, 5, 2, 61 in which sufficient conditions have been derived under which two stable dynamical systems C A , : x = Aiz, Ai E IRnXn, i E {1,2} have a CQLF. If the matrix P = PT > 0, P E EtnXn, simultaneously satisfies the Lyapunov equations ATP + PAt = -Q<, i E {1,2}, where Qi > 0, then V ( z ) = zTPz is said to be a strong CQLF for CA, and CA*. If &i 2 0 for i E {1,2} then V ( z ) is said to be a weak CQLF. This paper considers pairs of stable LTI systems for which a strong CQLF does not exist, but for which a weak CQLF exists where -&I and -Qz are both negative semidefinite and of rank n -1. We derive a result that can be used to determine necessary and sufficient conditions for the existence of a strong CQLF for certain classes of stable LTI systems. In this section we present some results and defiiiitions that are useful in proving the principal result of this paper. Throughout, the following notation is adopted: IR and E denote the fields of real and complex numbers respectively; IRn denotes the n-dimensional real Euclidean space; Etnxn denotes the space of n x n matrices with real entries; zi denotes the ith component of the vector z in IRn; aij denotes the entry in the (i,j) position of the matrix A in nenxn.
Where appropriate, the proofs of individual lemmas are presented in [7] .
(i) CQLF's : Consider the set of LTI systems
where M is finite and the Ai, i E {I, 2, ... 
A T P + P A i = -Q i S O , i E { 1 , 2 } (3)
for some positive semi-definite matrices Q1, Qz both of rank n -1. Furthermore The expressions x T H A~x~, x T H A~x~, viewed as functions of H , define linear functionals on the space of Hermitian matrices. Moreover, we have seen that the null sets of these functionals are identical. So they must he scalar multiples of each other. Furthermore, (6) implies that they are negative multiples of each other. That is,
x T H A~x~ = -kxTHA2x2 (7) with k > 0, for all Hermitian matrices H . Comment: A crucial point in the proof of Theorem 3.1 is that there is a unique hyperplane containing the matrix P which separates the sets { P > 0 : ATP + PA1 < 0) and { P > 0 : ATP + PA2 < 0). For the question of CQLF existence for three or more LTI systems, such a hyperplane need not exist and alternative methods would need to be considered 4 Application of m a i n result
In this section we present an example to illustrate the use of Theorem 3.1.
Example (Second order systems) : Let C A , and C A~ be stable LTI systems with AI, A2 E IRZx2. We note the following easily verifiable facts. 
